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PREFACE
Nowadays computational materials science and engineering play important roles in the research and
development of various materials. This is owing to the advances in high-performance computers, the
development of robust theories and schemes to reproduce energies, structures and properties of many
electron systems such as the density-functional theory (DFT), molecular-orbital and band-theoretical
methods, and the development of efficient computational algorithms such as molecular dynamics, Monte
Carlo, Car-Parrinello, and cluster-variational methods. In addition, the development of various schemes
for mesoscopic or macroscopic simulations or multi-scale simulations such as the phase field method,
finite element method and hybrid schemes has contributed to the computational materials science and
engineering.
In recent days, there are several new directions in the research and development in this field. The first is
to attain the higher accuracy in the energy and atomic and electronic structure by overcoming the faults in
the present DFT through Quantum Monte Carlo, GW or time-dependent DFT schemes. The second is to
extend the applicability of the present DFT scheme so as to deal with various properties or phenomena
such as quantum conductivity, redox reactions, atomic-scale dielectric permittivity, and free energies
including various entropy terms. The third is to deal with practical huge systems with enough quantitative
accuracy such as order-N, hybrid and multi-scale schemes. These three directions of research activities are
essential to promote the computational materials science and engineering as an essential tool in nano-
science and nano-technology in this new century.
This special issue is the fourth one following the three special issues of the same series, No.11 of Vol. 40
in 1999, No. 11 of Vol. 42 in 2001 and No. 5 of Vol. 45 in 2004. This contains contributions dealing with
recent frontiers in this research field and applications to various properties or phenomena of materials. We
hope that this special issue could contribute to the advances in the computational materials science and
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